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[57] ABSTRACT

A waterjet cutting apparatus for limiting pressure spikes
caused by hydraulic pressure surges. A hydraulic pump
pressurizes hydraulic fluid used to operate the appara-
tus. An intensifier is driven by the pump. An on-off
nozzle valve actuator is coupled to the pump and to the
intensifier. First and second linkages are provided. The
second linkage has a lost motion slot formed therein. An
output control device is provided in the pump for con-
trolling output from the pump and thus controlling the
level of hydraulic fluid pressure admitted to the intensi-
fier. A first control arm is coupled to the output control
device and movable between a “MAX” and “MIN”
position. An on-off nozzle actuator opens and closes the
on-off nozzle valve remotely by way of the first linkage.
A second control arm is coupled to the on-off nozzle
valve actuator device and is movable between an “ON”
and an “OFF” position. The first and second control
arms are interconnected by the second linkage in such a
way that the lost motion slot permits the first control
arm to move from the “MAX” to the “MIN” position
when the second control arm remains in the “ON”
position thereby suppressing pressure spikes.

7 Claims, 1 Drawing Sheet
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1
PRESSURE SPIKE SUPPRESSING APPARATUS

This is a continuation-in-part of copending U.S. pa-
tent application Ser. No. 069,914, filed on July 6, 1987,
by Jose P. Munoz and Raymond M. Jordan and as-
signed to the assignee of the present invention, now
abandoned.

BACKGROUND OF THE INVENTION

This invention pertains to pressured hydraulic fluid
systems, and in particular to suppressing pressure smkes
in a pressurized hydraulic fluid supply, especially in
waterjet cutting apparatus.

Known waterjet cutting apparatus relies on fixed
volume chambers, known in the industry as high pres-
sure accumulators or high pressure attenuators, be-
tween the intensifier and the waterjet nozzle, to sup-
press the pressure spikes that occur during operational
use of the apparatus. However, when the associated
on-off valve for the waterjet nozzle 1s put in the “OFF”
position, there occurs a pressure spike, also called
“water hammer”, which cannot be attenuated by the
aforesaid fixed volume, or must be limitedly attenuated
by an expensive relief valve. Obviously, such pressure
spikes will be damaging to the apparatus mvolved.

The foregoing illustrates limitations known to exist in
present devices. Thus, it is apparent that it would be
advantageous to provide an alternative directed to
overcoming one or more of the limitations set forth
above. Accordingly, a suitable alternative is provided
including features more fully disclosed hereinafter.

SUMMARY OF THE INVENTION

In one aspect of the invention, this is accomplished by
providing in a waterjet cutting apparatus having a hy-
draulic fluid supply and pump therefore, (a) an output
control device for the hydraulic fluid pump and (b) an
on-off nozzle valve, and remote actuator therefore, to
control the pressurized water flow to the nozzle, caus-
ing such pressurized water to be expelled through a fine
nozzle as a waterjet. This provides an apparatus for
suppressing pressure spikes, which are susceptible of
occurring when the nozzle valve is turned to an “OFF”
or closed condition including the steps of setting the
hydraulic pump output control device to a pressure
level which is lower than a given operating pressure
level at a time which is milliseconds before setting the
on-off nozzle valve actuator in its “OFF” position, and
then setting the on-off nozzle valve actuator in its
“OFF” position.

The foregoing and other aspects will become appar-
ent from the following detailed description of the inven-
tion when considered in conjunction with the accompa-
nying drawing figures. It is to be expressly understood
however, that the drawing figures are not intended as a
definition of the invention but are for the purpose of
illustration only.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing;:

FIG. 1 1s a schematic view illustrating a waterjet
cutting apparatus incorporating an embodunent of the
present invention;

FIG. 2is a graphlc view illustrating a pressure spike
occurring in a system operating without the benefit of
the present invention; and
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FIG. 3 is a graphic view 1llustrating that no pressure
spike occurs in a system operating with the benefit of
the present invention. >

DETAILED DESCRIPTION

As shown in the FIG. 1, a waterjet cutting apparatus
10 comprises an intensifier 18 which is driven by a hy-
draulic pump 12. Hydraulic fluid is supplied from a
reservoir or tank 14, and the pump 12 pressures the
supplied flud and conducts the pressurized fluid to the
hydraulic cylinder of the intensifier 18. Translatable
within a low pressure side 16 of intensifier 18, is a piston
20 which is coupled to a plunger 22. Plunger 22 trans-
lates within a high-pressure side 24 of intensifier 18, and,
specifically, within a narrow, cylindrical portion 26 of
intensifier 18, to which water is admitted from a source
28 thereof. The outermost end 27 of portion 26 couples
to an on-off nozzle valve 48, and then to a jet forming
nozzle 30, through which a fine waterjet is expelled for
cutting purposes. The aforesaid functioning of waterjet
cutting apparatus is well known to those skilled in this
art and, consequently, requires no further explanation
herein. -

As already noted, damaging pressure spikes occur
when the nozzle valve 4§ is turned to the “OFF” or

- closed position, then suddenly stopping the high pres-
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sure water flow coming from the intensifier 18. Even
though the component 18 is manifolded with compan-
ion components 18a and 185, as disclosed in U.S. Pat.
No. 4,621,988, issued 11 Nov. 1986, to R. W. Decker,
for a “Liquid Intensifier Unit” (the same being incorpo-
rated herein by reference), this is not sufficient to avoid

pressure spikes.

The pump 12 has therein: (a) an output control device
32 which is operative to control the delivery, or pres-
sure output of the pump 12, and hence, the level of
hydraulic fluid pressure to be admitted to intensifier 18
from pump 12. The invention mechanically provides for
the run-down of device 32 to a lower pressure setting
milliseconds before the valve 45 is put in its “OFF”
posifion.

For Example, device 32 has a control arm 36 which
slues through a given, functional distance subtended by
the scale 38 which bridges between the indicia “MAX”
and “MIN”. Too, on-off nozzle valve actuator 34 which
opens or closes the nozzle valve 45 remotely via a first,
valve operating linkage 41, has control arm 40 which
slues through a same given functional distance lying
between the indicia “ON”’ and “OFF” and which re-
spectively correspond to an opening and closure of
valve 48. A second linkage 42 couples the two arms 36
and 40 for joint movement. However, as can be seen in
the drawing, the arms 36 and 40 are so linked that arm
36 necessarily reaches “MIN” on scale 38 before arm 40
reaches the “OFF” position due to the provision of a
lost-motion slot 44 in the second linkage 42. However,
arm 36 is free to sweep the full breadth of the scale 38
so long as arm 40 is in the “ON” position.

The same result can be achieved by electronically
controlling the reduction of the hydraulic pump pres-
sure before opening valve 45. For example, by using a
delay timing device instead of the mechanical linkage
described above.

FIG. 2 graphically illustrates a pressure spike which
occurs in a standard unit when the on-off valve actuator
34 is closed, or moved to the “OFF” position without
the benefit of the present invention. Such a pressure

“spike has been found to occur when using an orifice size
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of 0.018 in. at an accumulator volume of 27 cu. in. and
a system pressure of 27 Kpsig.

FIG. 3 graphically illustrates that no pressure splke
occurs where the on-off valve actuator 34 is timed to
close after the output control device 32 is set to the
“MIN” setting in accordance with the present inven-
tion. Such an illustration has been found to occur under

the conditions expressed above except that the system

pressure in FIG. 3 is at 46 Kpsig.

While this invention has been illustrated and de-
scribed in accordance with a preferred embodiment, it
is recognized that variations and changes may be made
therein without departing from the invention as set
forth in the claims.

What is claimed is:

1. A waterjet cutting apparatus for limiting pressure
spikes caused by hydraulic pressure surges, comprising:

hydraulic pump means for pressurizing hydraulic

fluid used to operate the apparatus;

an intensifier driven by the hydraulic pump means;

an on-off nozzle valve coupled to the pump means

and to the intensifier;
a first linkage;
a second linkage having a lost motion slot formed

therein; -
an output control means in the pump for controlling

output from the pump and controlling the level of

hydraulic fluid pressure admitted to the intensifier;
a first control arm coupled to the output control

means and movable between a “MAX” and a

“MIN” position;
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an on-off nozzle valve actuator means for opening
and closing the on-off nozzle valve remotely with
the first linkage; ;

a second control arm coupled to the on-off nozzle
valve actuator means and movable between an
“ON” and an “OFF” position, the first and second
control arms being interconnected by the second
linkage, whereby the lost motion slot permits the
first control arm to move from the “MAX” to the
“MIN” position before the nozzle valve is closed
by movement of the second control arm to the
“OFF” position, thereby suppressing pressure
spikes.

2. The apparatus as defined in claim 1, wherein the

pump means is connected to receive hydraulic fluid

from a reservoir.

3. The apparatus as defined in claim 1, wherein the
intensifier has a high pressure side and includes a piston
coupled to a plunger for translating within the high
pressure side. |

4. The apparatus as defined in claim 3, wherein the
high pressure side includes a narrow cylmdncal por-
tion.

5. The apparatus as defined in claim 3, including:

means for supplying water to the high pressure side.

6. The apparatus as defined in claim 3, including:

a Jet forming nozzle connected to the high pressure

side.

7. The apparatus as defined in claim 1, wherein the
hydraulic pump means drives a second and third intensi-

fier.
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